In the course of investigation on carbo hydrate metabolism in Agrobacterium tume faciens, its mutants were classified into glucose -negative and succinate-negative. In the previ ous paper,' we characterized the glucosenegative mutants, which failed to grow on glucose medium, to be hexose-negative because of the pleiotropic effect of defectiveness in pyruvate carboxylase. In this paper, we describe the characterization of the succinate negative mutant which fails to grow on succinate medium.
MATERIALS AND METHODS
Microorganisms, media and cultural conditions. Strain C-001 derived from Agrobacterium tumefacienslAM 1525 having phenotype markers of StrR, Can+, G3DH+, Suc+, Glu+, Sac+ and GIP+ was used as wild-type strain. Phenotype abbreviations were described in the previous paper.') Basal medium and yeast-extract medium used here were the same as in the previous paper.') CAA medium contained 1.0 g of casamino acid (vitamin-free, Difco) in half strength of basal medium of 100ml. CAA-sucrose medium was the CAA medium with addition of 1.0 g of sucrose per 100 ml. Cultivation was carried out at 27°C on a reciprocal shaker. Bacterial growth was followed by measuring turbidity with a nephelometer (Kotaki Co., Ltd., Tokyo) as described previously. (0.29), but, the difference in these values is not physiologically significant. A considerable amount of succinate was accumulated in the culture medium of C-205, but none in the medium of C-001. These findings suggest that C-205 is a metabolic mutant defective in TCAcycle enzyme.
Biochemical characterization of succinate-nega tire mutant C-205 Biochemically functional activities or units in mutant C-205 and wild-type C-001 were 
DISCUSSION
From the biochemical activities in the cells of wild-type strain (C-001) described in the previous and this papers, we would like to present the glucose-metabolic pathway of Agrobacterium tumefaciens IAM 1525 in Fig.  2 , in which defective enzymes are represented by heavy bars. Since the wild-type strain contains little amount of phosphoglycero mutase, glucose is hardly metabolized via glycolytic pathway by the organism. Thus, the main route of the glucose-metabolic pathway is considered to be Entner-Doudoroff pathway. As a jointing enzyme from carbo hydrate-metabolic pathway to tricarboxylic acid cycle (forward direction), pyruvate car boxylase, which catalizes oxaloacetate forma tion from pyruvate and C02, was established, and PEP carboxylase was eliminated as pre sented in Table II . As another jointing enzyme which catalizes connection from TCA cycle to carbohydrate-metabolic pathway (backward direction), malic enzyme was established, and OAA decarboxylase and PEP carboxykinase were eliminated.
In glyoxylate cycle, iso citrate lyase was found to be deficient in the wild-type strain of the bacterium, thus the cycle was not functional.
In this study, we isolated the mutant (C-205) having phenotype of glucose-positive and TCA-negative from the wild-type, glucosepositive and TCA-positive, and characterized the mutant as SDH-deficient strain from the following observations: (1), SDH activity in the mutant was approximately one twentyfifth of that in the wild-type strain, and (2), the revertant mutants, which are selected spontaneously at a frequency of 5 -8 x 10-9 as the strain having phenotype of TCA-posi tive, recovered SDH activity (see Table IV ). However, since none of the mutation de scribed above could be characterized in the mutant C-205 in comparison with wild-type C-001, this mutant may be similar to the TCA-cycle mutants of B. subtilis defective in SDH as described by Carls and Hanson."'
